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(54) RESIST REMOVING METHOD AND RESIST STRIPPING SOLUTION 

(57)Abstract 

PROBLEM TO BE SOLVED: To attain high precision resist removal by 
dissolving the resist applied on a substrate with a stripping agent and 
cleaning the substrate with a supercritical fluid soluble in the resist 
and stripping solution. 

SOLUTION: A material A to be cleaned (semiconductor substrate) to 
which the resist is stuck is dipped into the stripping solution 1 of 
diethylene glycol monomethyl ether heated at 40'' C, which is filled in 
a stripping vessel 2 for 2~3min. In this way, the resist applied on the 
material A to be cleaned is dissolved. Next, the material A to be 
cleaned after the resist is dissolved by the stripping solution is 
housed in a pressure resistant rinse vessel 3 before the vessel 3 is 
hermetically closed. And the material A to be cleaned is cleaned for 
3min while pouring the supercritical carbon dioxide 4. After the 
cleaning with the supercritical carbon dioxide 4 is completed, the 
cover 3a of the rinse vessel 3 is opened to leave the inside of the 
rinse vessel 3 to ordinary temp, and pressure. Then the material A to 
be cleaned is dried without generating stain since the supercritical 
carbon dioxide 4 is instantly gasified and vaporized. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

: I.This document has been translated by computer. So the translation may not reflect the original precisely. 
2,**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



[Claim 1] The resist clearance approach characterized by washing said substrate by the supercritical fluid which has 
solubility to a resist and exfoliation liquid after dissolving the resist applied on the substrate with exfoliation liquid. 
[Claim 2] The resist clearance approach according to claim 1 characterized by using the organic solvent of a glycol 
ether system as said exfoliation liquid. 

[Claim 3] The resist clearance approach according to claim 1 characterized by using the supercritical fluid of a carbon 
dioxide as said supercritical fluid. 

[Claim 4] It is the resist exfoliation liquid which exfoliates the resist adhering to a substrate. Resist exfoliation liquid 

characterized by for a rinse being carried out by supercritical fluid after resist exfoliation, and using as a principal 

component the glycol ether system organic solvent which melts into said supercritical fluid. 

[Claim 5] Resist exfoliation liquid which is the resist exfoliation liquid which exfoliates the resist adhering to a 

substrate, and is characterized by using as a principal component the organic solvent of a glycol ether system with 

sufficient compatibility with said supercritical fluid in which a rinse is carried out by supercritical fluid after resist 

exfoliation. 

[Claim 6] It is the resist exfoliation liquid which is resist exfoliation liquid according to claim 4 or 5, and is 
characterized by said organic solvent being the diethylene-glycol monomethyl ether. 
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DETAILED DESCRIPTION 



Detailed Description of the Invention] 
0001] 

iField of the Invention] This invention relates to the resist exfoliation liquid which exfoliates the method of removing 
the resist used for pattern formation from a substrate, and the resist adhering to a substrate in the production 
process of a semiconductor device, a liquid crystal display, etc. 
[0002] 

[Description of the Prior Ard It was made to dissolve with exfoliation liquid 10, and the resist to which it uses in case 
a pattern is formed by the wet method to a semi-conductor substrate, and after pattern formation becomes 
unnecessary was removed from the former by performing a rinse after that with the rinse agent 1 1 , the alcohol 1 2, and 
the ultrapure water 13 only for exfoliation liquid, as shown in drawing 3 . The washed object (semi-conductor 
substrate) A from which the resist was removed was further dried using the **-par 14 of alcohol. Thus, as exfoliation 
liquid 10 of a resist used, from before, the compound of various kinds of organic systems or an inorganic system was 
studied, and it has been used. 

[0003] As exfoliation liquid 10, as an example used practical In what there is exfoliation liquid 

(Provisional-Publication-No. No. 72503 [ 51 to ] official report etc.) which makes organic sulfonic acid a subject by 
the organic system, and makes alkylene glycol a subject from the former As what there is exfoliation liquid (shown in a 
Japanese Patent Publication No. 43-No. 7695 official report etc.). and makes a subject high polar solvents, such as 
dimethyl sulfoxide and dimethylformamide There is exfoliation liquid (shown in a Provisional-Publication-No. 60-No. 
66424 official report, the description of U.S. Pat No. 4304681, etc.). Or there is exfoliation liquid shown in (Provisional 
Publication No. No. 81949 [ 64 to ]) to consist of mixture of polar solvents, such as gamma-butyrolactone and 
N-dimethyl formamide, and amino alcohol. Thus, various exfoliation liquid is studied and developed and the effective 
exfoliation liquid in them is also found out 
[0004] 

[Problem(s) to be Solved by the Invention] However, the process in which clearance of a resist dissolves a resist with 
exfoliation liquid 10, The process which washes the resist dissolved by exfoliation liquid 10 and exfoliation liquid 10 
with the rinse agent 11, alcohol 12, and ultrapure water 13. It consisted of a process dried by the **-par 14. and if 
neither a washing process nor a desiccation process also progressed according to it even if exfoliation liquid could 
demonstrate the high exfoliation effectiveness, resist clearance with a high precision was not able to be performed in 
the production process of the semi-conductor with which detailed-ization progressed. 

[0005] In order for the desiccation process using survival and the reattachment of the rinse agent 1 1 to - pattern 
details, alcohol 12. and the resist resulting from the lack of osmosis of ultrapure water 13 and exfoliation liquid 10, and 
the - alcoholic vapor 14 to specifically take a certain amount of time amount, the front face of a washed object A was 
made to produce the problem that silverfish occurs, in a desiccation process. 

[0006] Furthermore, by the conventional resist clearance approach, many processing tubs are required for each 
process of - resist dissolution, washing, and desiccation. Since the danger of an activity needs expensive ultrapure 
water for high - washing at a large quantity in order to use the high organic solvent of - inflammability which needs a 
big area for installation of these facilities in the installation cost of a processing facility becoming high The waste fluid 
of - large quantity with which the part processing cost goes up was generated, and there were also problems, like the 
processing becomes complicated. 

[0007] Therefore, in this invention, viscosity is low and the object of attaining the resist clearance with a high 
precision is carried out using this supercritical fluid paying attention to the supercritical fluid which has the description 
which is easy to permeate to an object 
[0008] 

[Means for Solving the Problem] In order to attain such an object, after dissolving the resist applied on the substrate 
with exfoliation liquid in this invention, it has the description to wash said substrate by the supercritical fluid which has 
solubility to a resist and exfoliation liquid. 

[0009] It is defined as supercritical fluid as follows. That is. it has in the matter the maximum temperature and 
maximum pressure of a proper it becomes impossible to live a gas and a liquid together, and is called critical 
temperature and the critical pressure, respectively, and the point that the matter will be In the condition of critical 
temperature and the critical pressure is further called the critical point. The matter calls the condition of being in the 
field of the temperature beyond the critical point thru/or a pressure, and is defined as supercritical fluid. 
[0010] Thus, in the supercritical fluid defined, it has the middle property of - gas and a liquid, and by returning the 
contamination which - diffusion coefficient which can also permeate a detailed part dissolved highly to - ordinary 
temperature and ordinary pressure which can be distributed quickly, it becomes a gas and has the description that 
evaporation desiccation can be carried out promptly. 

[001 1] If the supercritical fluid which has such a description washes a substrate [ finishing / the resist dissolution ], 
these can be flushed by dissolving the resist which supercritical fluid permeates, and remains or carries out the 
reattachment and exfoliation liquid even in the resist which entered into detailed pattern details, or exfoliation liquid. 
Furthermore, supercritical fluid can be evaporated by returning to ordinary temperature ordinary pressure after 
washing in an instant 
[0012] 

[Embodiment of the Invention] Hereafter, the gestalt of 1 operation of this invention is explained to a detail with 
reference to a drawing. First, selection of the supercritical fluid and exfoliation liquid suitable for the resist washing 
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approach of this invention is explained, . . . ^ . . i ■ ^ 

[0013] As selection conditions for supercritical fluid, it is mentioned that - safety is high, having the critical point 
which is easy to treat that it is cheap and economical, etc. As matter which fulfills these terms and conditions, 
matter such as a carbon dioxide, a sulfur dioxide, nitrous oxide, ethane, a propane, and chlorofluocarbon. is mentioned. 
The carbon dioxide (carbon dioxide gas) is most suitable also in it This is based on the following reasons. That is, a 
carbon dioxide also tends [ comparatively ] to treat an almost harmless top and the critical point with 31 degrees C 
and 70 atmospheric pressures to a living thing, has become, and is still cheaper, and acquisition is the easy matter. For 
■ such a reason, the carbon dioxide is adopted as supercritical fluid by this example. However, it cannot be 
overemphasized that matter other than the carbon dioxide hung up above can also be used as a washing object of 

supercritical fluid. . ^ . . , ^- j-^- 

[0014] On the other hand, it is mentioned that the detachability (solubility) over - resist is high as selection conditions 
for exfoliation liquid, that the solubility over - supercritical fluid (carbon dioxide) is high, that ~ safety is high, etc. As 
matter which fulfills these terms and conditions, the organic solvent of a glycol ether system (a glycol diether system 
is included), a ketone system, a lactone system, an ether system, a formamide system, and a nitrogen inclusion system 

is mentioned. , . • i • j. 

[0015] And in view of safety, each solvent of a glycol ether system, an ether system, and a nitrogen inclusion system 
is mentioned as a candidate. The result of having compared these candidates by the solubility (detachability) over a 
resist and the solubility over supercritical fluid (carbon dioxide) is shown in the following table 1. ... 
[0016] In addition, the detachability over a resist was compared as follows. That is, the sample which applied only the 
resist on the washed object (semi-conductor substrate) A was immersed in each exfoliation liquid on 25 degrees G 
and the immersion conditions for 3 minutes (the target of the exfoliation time amount of the mass production base is 
usually 8 minutes), and the detachability of a resist was compared, moreover, the thing by which the solubility over 
supercritical fluid (carbon dioxide) has more than 10mol%. and dissolves solubility in homogeneity — O ~ solubility ~ 
more than 10mol% ~ O was entered in what is not dissolved in the homogeneity of a certain thing, respectively. 



0017] 

FA table 11 




^ 7^ <^ n 












@ 


J. - r ^ :^ 






O 


* ^ W * 




® 


o 








o 



[0018] It turns out that the organic solvent of a glycol ether system is excellent also in resist solubility (detachability) 
and the solubility over supercritical fluid (carbon dioxide) so that clearly from this table. 

[0019] However, the organic solvent of a glycol ether system is the effective matter as exfoliation liquid used together 
with a supercritical carbon dioxide, and it cannot be overemphasized that other matter indicated in a table 1 can be 
used as exfoliation liquid used together with supercritical fluid. . • . ... 

[0020] Next the result of having examined whether it having been effective as exfoliation liquid which which matter 
uses together with a supercritical carbon dioxide in the organic solvent of a glycol ether system is explained. 
[0021] The organic solvent of a glycol ether system is expressed with the following ** type. ^^.^ • • 

[0022] R--0(EO or PO) n-R' — ** — by this ** formula, when referred to as R:GH3 set ():EO-C2H40n:2R :H, it is set 
to diethylene-glycol monomethyl etherCH30(C2H40)2H. for example. x ^ u r. u 

[0023] The effectiveness as exfoliation liquid was judged in resist solubility (detachability) and the flash point 
[0024] Moreover, the judgment of resist solubility (detachability) was performed as follows. 

[0025] That is. A articles and B articles were prepared as a sample with which a judgment is presented. In A articles, 
after applying a resist to a semi-conductor substrate, what was made to carry out ultraviolet curing, performed dry 
etching by halogen system gas after that and carried out plasma treatment by 02 gas is pointed out Moreover, the 
thing which applied the resist to the semi-conductor substrate and which carried out after ultraviolet curing is pointed 
out in B articles. And these A articles and B articles were immersed in each exfoliation liquid of each glycol ether 

system in 25 degrees 0 and 3 minutes. , j 

[0026] The judgment result is shown in the following table 2. In addition, it is shown that the resist was dissolved 
thoroughly and O in drawing has exfoliated, it is shown that O has exfoliated in the state of a lift off. it is shown that 
** has the resist remainder, and x shows that the resist has not exfoliated at all. Moreover, it is shown that it is easy 
to treat it. so that the flash point is high. 
[0027] 
[A table 2] 
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r0028l In view of the solubility (detachability) of a resist, and the flash point it turns out that the diethylene-glycol 
»I;n«mith«l «therand the triethylene glycol monomethyl ether are effective, and it turns out that it sees from the 
Si^SKdLtec^abllt)'^ matter^ndthe direction of the di^thvlene-glycol monomethyl e^^^^^^^^ 

fs excXrt so that clearly from this table. In addition, these matter (diethylene-glycol monomethyl ether, tnethylene 

glycol monomethyl ether) is comparatively cheap, and excelling also in profitability is known 

[0029] Thus, the result of having measured what solubility the selected exfoliation ''^"'^ (diethylene-glyod 
monomethyl ether) having had to a supercritical carton dioxide .s shown m the e^^P^.f .^^^^^ vT>^'^. 
shows the soluble change when fluctuating temperature to the supercritical carbon dioxide of 80 which is 

SThttVercriticaU^^^^^ heating application-ol-pressure condition of f -<^«^--C*!jf .^-^ 

and 90 - 100 kgf/cm2 which is in the condition which is comparatively easy to treat so that clearly from this drawing 
-- receiving - the diethylene-glycol monomethyl ether ~ ten-mol% (this solubility is the desired value of the 
soluS needed for washing of high degree of accuracy) ~ it turns out that the ^^ove solubHity is obtained. 
[0031] Next, the resist clearance approach by this invention is explained based on dcaatll^ R> \ First th« washed 
object (sem -conductor substrate) A of a resist adhesion condition is immersed in the exfoliation tub 2 with which the 
exfoliation^ quid 1 of the diethylene-glycol monomethyl ether heated by 40 de,^ees C was filled up for 3 minutes. The 
resist applied to the washed object A by this is dissolved. Since the solubility of a resist is high as the 
diethylene-glycol monomethyl ether was mentioned above, a resist is dissolved certainly. _ 
[0032] After containing the washed object A which the resist dissolved with exfoliation liquid 1 to the 
preLure-resistant rinse tub 3. the rinse tub 3 is sealed. And it washes for 3 minutes pounng the supercritical carbon 
dioxide 4 with 100 atmospheric pressures (about 100kg/cm2) of 40 degrees C into the nnse tub 3. 
te'] The content volume/min of the rinse tub 3. and extent are suitable for the injection ^^"^JJ^^^Z^};;^' 
carbon dioxide 4 Moreover, since it is easy to make 100 atmospheric pressures and the 40-degree C supercritical 
calbon dioxide 4. they can supply the supercritical carbon dioxide 4 as a comparatively easy manufacturing facility is 

[0034] With the supercritical carbon dioxide 4 of 40 degrees C and a 100 atmospheric-pressure condition, the high 
LouTbi ity of 1 8.63-mol% is obtained to the exfoliation liquid 1 of the diethyiene-giycol "^,?"<>'"«*hyl^eth«r (^^^^^^ 
dewing 2 )■ Moreover, the supercritical carbon dioxide 4 is equipped with high permeability ^I't^/'b'i^yJJ*^^^^^^ 
the super critical carbon dioxide 4 permeates to the details of the pattern formed in the washed ^^bject A, and can 
perform an inquiry of a resist and exfoliation liquid 1. therefore ~ even if it is the washed object A with which the 
detailed oattern was formed ~ a resist and exfoliation liquid 1 ~ precision ~ it will be washed highly. 
[0035] After washing by the supercritical carbon dioxide 4 is completed, lid 3a of the r.nse tub 3 is opened and the 
rinse tub^ interior ii returned to ordinary temperature ordinary pressure. Then since the supercritical !;arbon 
4 becornes a gas and evaporates in a ******** instant a washed object A is dried, without a stain arising on a front 
JacrMrecverto a livrng thing, since the supercritical carbon-dioxide object 4 which evaporates at this time and is 
diffused is almost harmless, it does not need to form a special exhaust air facility etc. („^^r,w.r~ 
[0036] In order to raise the exfoliation effectiveness of this invention further, another exfoliation tub 2 (graphic 
display abbreviation) which poured in exfoliation liquid V of the diethylene-glycol mononnethyl ether is prepared, a 
washed object A is contained to the exfoliation tub 2'. and it may be made to carry °"^the rinse of the washed o^^^^^^ 
A by exfoliation liquid 1' before washing by the supercritical carbon dioxide 4. By doing in this way the drag-in of the 
Tesi^t to the pressure-resistant rinse tub 3 can be lost and the rinse effecth/eness of the washed object A by the 
supScritical carbon dioxide 4 can be heightened. In addition, the reclosing of exfoliation liquid 1 "sed for the rinse in 
this case can be carried out to the exfoliation tub 2. and it can also be reused as exfoliation liquid 1 for the resist 

S)3°7] B°y"the way, amines, a surfactant etc. may be made to mix in need ****** exfoliation liquid 1 in this invention. 
[0038] 
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TEffect of the Invention] According to this invention, the following effectiveness is acquired as mentioned above. 
r0039l (1) SincHlearan^ washing of a resist and the exfoliation liquid is carried out by the high supercntical fluid of 
pene^LSg power an^ power, it becomes possible to remove to high degree of accuracy also .n the detailed 

[OMO]\'he'J^oreThtS^ei'S integration of a semiconductor device etc. follows on going up. and the dimension of a 
•£ocessinrpatt?m will b^ very effective [ the resist clearance approach of this invention ] from now on in the 
.processing pattern will u^^^^^ y demand to processing dimensional accuracy to become severe. 

ffi?i] (2 l^n'^ rt c'^an d^ mo^S^^ substrate front face gene^te silverfish of -P^-'^^' '-^ 

• [0042] (3) The amount ofthe dangerous organic solvent used decreases on the part using supercritical fluid, and 

Fo^O«] f^rT^' a"r^:u^^^^^^^^^^ -P--*'- 

r0044] «Ms aStcHit%7fwai process, since what is necessary is to prepare only the processing tub for 
Sm s^peScK^^^ reduction of the installation cost of a processing facility and the cutback of equipment 

occupancy area can be aimed at 
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